Pseudoscalar D meson spectral functions in nuclear medium are analyzed by employing QCD sum rules with the maximum entropy method. This approach enables us to extract the spectral functions without any phenomenological assumption, and thus to visualize modification of the spectral functions due to medium effects from nuclear medium. As a result, it is found that masses of both D + and D − mesons grow gradually with increasing density. Additionally, we construct charge conjugate projected sum rules and observed D + -D − mass splitting of about −20 MeV at nuclear saturation density.
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Introduction
One of the most important problems in hadron physics is understanding the relation between chiral symmetry and hadron properties from Quantum chromodynamics (QCD) which describes the strong interaction. Hadrons in nuclear medium are known as a probe of chiral symmetry at finite density. For instance, ρ, ω and φ mesons in nuclear matter have been studied theoretically and experimentally for a long time. In the future, the CBM (Compressed Baryon Matter) experiment by FAIR (Facility for Antiproton and Ion Research) at GSI is expected to investigate the properties of open (D,D) and hidden (J/ψ, η c ) charmed mesons in hot and dense baryonic matter.
The QCD sum rule [1] is traditionally known as a powerful tool to investigate the properties of hadrons from QCD. Recently, it has become possible to apply the maximum entropy method (MEM) to QCD sum rules [2] , which allows to extract the most probable form of the spectral function from the operator product expansion (OPE) of hadronic correlators without assuming some specific functional form, e.g. "pole + continuum" ansatz. This approach was shown to be successful in the ρ meson [2], the nucleon with positive [3] or negative [4] parity sum rules in vacuum. Furthermore, it was applied to the spectral modifications at finite temperature for the charmonia [5] and bottomonia [6] channels.
Medium modification of D mesons in nuclear matter has been investigated from various theoretical approaches. Among them, the only method directly based on QCD may be the QCD sum rule. More than ten years ago, Hayashigaki in [7] included only the condensates up to dimension 4, ⟨qq⟩, ⟨
⟩ in the OPE, and observed that pseudoscalar D meson mass shift is −50 MeV at nuclear saturation density ρ 0 . Subsequently, Hilger et al. in [8] added the condensates up to dimension 5, ⟨qgσ Gq⟩, and q 0 -odd terms,
As a result, they obtained a mass shift of +45 MeV at ρ 0 with serious ambiguity due to phenomenological density dependence of threshold parameter. In our approach, we apply MEM to QCD sum rules to obtain the results independently of such the threshold parameter. Also, Hilger et al. observed D + -D − mass splitting of −60 MeV at ρ 0 . To improve this analysis, we introduce the charge conjugate projection as a novel approach.
Method
In the analyses of QCD sum rules, we start by defining the time-ordered hadronic current correlation function: We also assume the spatial component of four momentum to be zero : q = (q 0 , 0). Contrary to the vacuum case in which the sum rule depends only on q 2 because of the Lorentz invariance, at finite density, we have to consider the terms of odd powers of q 0 . Then, the correlators can be written in terms of the q 0 -even and q 0 -odd parts:
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Medium modification of heavy meson spectra from QCD sum rules Kei Suzuki It is shown that Π even contains both the D + and D − spectra in both the positive and negative energy regions. Namely, for Π D + channel, In order to separate D + and D − from Π J (q 0 ), we construct charge conjugate projected sum rule which is analogous to the parity projection for the baryon sum rules [9, 4] . In this approach, we define the old-fashioned correlator, which includes only contribution in positive energy region:
Analyticity of the correlation functions is used to connect spectral functions to the imaginary part of OPE, and it is transformed by multiplying a kernel W (q 0 ) as a weight function and we obtain the following integral sum rule:
In this study, we use the Gaussian kernel
]. For the details of the D meson OPE in nuclear medium, the readers are referred to [10] . To extract the spectral functions ρ(ω) from Eq. (2.6), we employ the MEM [2].
Results
Results of the D meson spectral functions in vacuum and in nuclear medium are shown in Fig.  1 and 2 , respectively. In vacuum, the D + and D − spectra are completely degenerate while they split at finite density. In the vacuum case, the first peak position is found at 1.78GeV, which is consistent with the experimental value of the D meson ground state mass of 1.87 MeV. In nuclear medium, the peak residues are gradually suppressed as density increases while the peak positions are shifted to higher energy.
The detailed density dependence of the peak position is shown in Fig. 3 . We note that the the D − meson peak shift (∼ 30 MeV at ρ 0 ) is stronger than that of the D + meson (∼ 10 MeV at ρ 0 ). The mass difference between the D + and the D − is thus about 20 MeV at ρ 0 . This behavior is consistent with the picture that the D − meson has a light quark which repulsively interacts with quarks in nuclear matter due to the Pauli blocking, so that the binding is weakened and the mass increases. On the other hand, the D + meson has a light antiquark instead of a quark, so that it is not affected at least by the Pauli blocking. From the viewpoint of QCD sum rule, the D + -D − mass splitting is caused by the sign of q 0 -odd terms, ⟨q † q⟩, ⟨q † − → D 2 0 q⟩, ⟨q † gσ Gq⟩ in Eq. (2.5). These results qualitatively agree with Ref. [8] which employs a "pole + continuum" ansatz. 
Conclusion and Outlook
In summary, we have investigated the pseudoscalar D meson in nuclear medium by using QCD sum rules and MEM. In order to separate D + and D − into independent peaks, we have constructed charge conjugate projected sum rules. As a result, we found that both D + and D − peaks are shifted to higher energy with increasing density. Also, we observed a D + -D − mass splitting of about −20 MeV at ρ 0 . As a next topic, we will analyze B + and B − mesons in nuclear matter. Furthermore, it would be interesting to systematically examine the heavy quark mass (m h ) dependence of the behavior of heavy-light hadrons in nuclear medium, comprehensively expanding from the heavy quark limit (m h → ∞) to the chiral limit (m h → 0).
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